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(57) ABSTRACT 

A three-phase alternating current generator includes a bowl 
shaped ?ywheel, sixteen permanent magnets provided on an 
inner circumferential surface of the ?ywheel, and a stator 
located in the ?ywheel. Further, The stator is composed of 
twelve teeth provided opposite to the permanent magnets 
and of coils each being continuously wound around every 
three teeth among the teeth for generating electric power by 
an electromagnetic induction e?‘ect with the magnets. 

2 Claims, 4 Drawing Sheets 
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THREE-PHASE ALTERNATING CURRENT 
GENERATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a three-phase alternating 

current generator (three-phase magnet generator) driven by 
an internal combustion engine. 

2. Description of the Related Art 
With respect to the principle of an alternating current 

generator, a ?yWheel to Which permanent magnets are ?xed 
is rotated by the poWer of an internal combustion engine, 
and rotating magnetic ?elds produced by the permanent 
magnets cut across a stator coil (generator coil), With the 
result that a voltage is induced in the stator coil by an 
electromagnetic induction effect. In this case, the magnets 
are ?xed in a rotation direction of the ?yWheel and N-poles 
and S-poles are arranged at regular intervals. Thus, the 
number of magnets to be used becomes 2n (n is a positive 
integer (natural number)). In addition, the number of teeth of 
the stator coil becomes 3m (m is a positive integer (natural 
number)) because of a three-phase alternating current gen 
erator. 

A conventional three-phase alternating current generator 
has a structure of nIm. In other Words, When the number of 
magnets ?xed to the ?yWheel is set to 2n, the number of 
teeth of the stator coil becomes 3n. A Y-connection is 
employed as a connection method for three-phase output 
(for example, Kokichi OkaWa, “Design and Characteristic 
Computation Method for a Permanent Magnet Magnetic 
Circuit (II), Usage Volume,” Sougou Denshi Research, Sep. 
30, 1987, First Edition, pp.479-48l). 

According to the conventional three-phase alternating 
current generator, When the number of magnets is 2n, the 
number of teeth is 3n, and a three-phase output is a Y-con 
nection, it is possible to satisfy an output speci?cation 
characteristic. HoWever, a self-heating amount becomes 
very high. One of factors in Which the self-heating amount 
becomes higher is the Y-connection. 

In general, the Y-connection or the A-connection is 
employed as a connection method on the output side of the 
three-phase alternating current generator driven by an inter 
nal combustion engine. An output current in the Y-connec 
tion becomes (line current lurphase current Iu') as shoWn in 
FIG. 5. An output current in the A-connection becomes (line 
current Iu/\/3:phase current Iu') as shoWn in FIG. 6. 

Therefore, a current value required for one phase in the 
Y-connection becomes about \/3 times higher than that in the 
A-connection. Here, the self-heating amount is computed 
from I2R. Symbol I denotes a phase current and R denotes 
a Winding resistance. The self-heating amount becomes the 
square of the current value. Thus, the self-heating amount in 
the Y-connection becomes higher than that in the A-connec 
tion, so that it is ideal to employ the A-connection With 
respect to measures for suppressing the self-heating amount. 
HoWever, in the case of the A-connection, the output current 
at a loW speed rotation is reduced. Accordingly, because it is 
impossible to satisfy the speci?cation, there is a problem that 
it is dif?cult to apply the A-connection to the conventional 
three-phase alternating current generator. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
mentioned problem. An object of the present invention is to 
obtain a three-phase alternating current generator capable of 
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2 
greatly reducing a self-heating amount to achieve a reduc 
tion in siZe and an increase in output. 
A three-phase alternating current generator according to 

the present invention includes: a boWl-shaped ?ywheel; 4n 
(n is a natural number) magnets provided on an inner 
circumferential surface of the ?yWheel; and a stator located 
in the ?yWheel, in Which the stator includes: 3n teeth 
provided opposite to the magnets; and a plurality of coils 
Which each are continuously Wound around every three teeth 
among the teeth and generate electric poWer by an electro 
magnetic induction e?fect With the magnets. 

Therefore, When the number of magnets is set to 4n and 
the number of teeth is set to 3n, an effect in Which the coil 
temperature (self-heating amount) is greatly reduced, 
thereby achieving a reduction in siZe and an increase in 
output, is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 shoWs a structure of a three-phase alternating 

current generator according to Embodiment l of the present 
invention; 

FIG. 2 shoWs an output current characteristic of the 
three-phase alternating current generator according to 
Embodiment l of the present invention and that of a con 
ventional example; 

FIG. 3 shoWs an output current measuring circuit for 
measuring an output current of the three-phase alternating 
current generator according to Embodiment l of the present 
invention; 

FIG. 4 shoWs a coil temperature characteristic of the 
three-phase alternating current generator according to 
Embodiment l of the present invention and that of the 
conventional example; 

FIG. 5 shoWs a Y-connection; and 
FIG. 6 shoWs a A-connection. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Embodiment l 

A three-phase alternating current generator according to 
Embodiment l of the present invention Will be described 
With reference to the draWing. FIG. 1 shoWs a structure of a 
three-phase alternating current generator according to 
Embodiment l of the present invention. 
The three-phase alternating current generator according to 

Embodiment l of the present invention is characterized in 
that a generator coil is composed of 4n magnets and 3n teeth. 
When n:4, the number of magnets becomes 16 and the 
number of teeth of a stator coil becomes 12. A connection of 
a generator output side is a A-connection and it is necessary 
to increase the amount of magnet to be used as compared 
With a conventional example. 

FIG. 1 shoWs the structure of the three-phase alternating 
current generator in the case Where a structure of n:4 is 
used. 

In FIG. 1, a ?yWheel 1 is a boWl-shaped rotor. The number 
of permanent magnets 2 is 16 and they are provided on the 
inner circumferential surface of the ?yWheel 1. The perma 
nent magnets 2 each are a rare-earth magnet or a ferrite 

magnet. 
Also, in the same ?gure, a stator 3 has tWelve teeth 4. One 

phase is composed of four teeth, thereby achieving a three 
phase alternating current circuit (U, V, and W phases). A 
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A-connection is employed as a connection method for three 
phase output. In addition, the stator 3 is composed of a stator 
core (iron core) in Which thin plates made from a rolled steel 
plate or a silicon steel plate are laminated and coils (Wind 
ings) 5. 

Further, in the same ?gure, the coils 5 are Wound around 
the teeth 4 of the stator core. The coil 5 for each phase is 
continuously Wound around every third tooth 4. Crossover 
portions betWeen every third tooth extend over the same 
axial side of the stator. Each Winding direction is the same 
direction. Electric poWer is generated by an electromagnetic 
induction effect With the magnets 2. 

Next, operating characteristics of the three-phase alter 
nating current generator according to Embodiment 1 Will be 
described With reference to the draWings. 

FIG. 2 shoWs an output current characteristic of the 
three-phase alternating current generator according to 
Embodiment 1 of the present invention and that of a con 
ventional example. In addition, FIG. 3 shoWs a structure of 
an output current measuring circuit for measuring an output 
current of the three-phase alternating current generator 
according to Embodiment 1 of the present invention. 

In FIG. 3, the output current measuring circuit is con 
structed by connecting a rectifying circuit 11 and a load 12 
With the three-phase alternating current generator (ACG). 
When a voltage of the load 12 is constantly kept to 14 V, 

the output current measured by the output current measuring 
circuit is a value obtained by measuring a current ?oWing 
into the load 12. 
As shoWn in FIG. 2, the output currents are values 

measured When the rotation speeds of the three-phase alter 
nating current generator are 1350 (r/min), 2300 (r/min), and 
6750 (r/min). With respect to Embodiment 1 (present inven 
tion) and the conventional example, substantially the same 
characteristic is obtained. 

FIG. 4 shoWs a coil temperature (self-heating amount) 
characteristic of the three-phase alternating current genera 
tor according to Embodiment 1 of the present invention and 
that of the conventional example. 
More speci?cally, FIG. 4 shoWs peak coil temperatures 

When the respective rotation speeds of the three-phase 
alternating current generator are 1350 (r/min), 2300 (r/min), 
and 6750 (r/min). Results measured in air as a measurement 
condition are indicated. 

In Embodiment 1 (present invention), as shoWn in FIG. 4, 
it can be recogniZed that the coil temperature (self-heating 
amount) is greatly reduced as compared With the conven 
tional example. When the rotation speed is 1350 (r/min), a 
coil temperature (self-heating amount) reduction effect of 
37° C. is obtained. When the rotation speed is 2300 (r/min), 
a coil temperature (self-heating amount) reduction effect of 
167° C. is obtained. When the rotation speed is 6750 (r/min), 
a coil temperature (self-heating amount) reduction effect of 
247° C. is obtained. 

In other Words, in the three-phase alternating current 
generator according to Embodiment 1 of the present inven 
tion, not a Y-connection but the A-connection is employed as 
the connection of three-phase output side. This is an essen 
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4 
tial condition for reducing a phase current to suppress the 
self-heating amount as described above. When the A-con 
nection is applied to the structure of the conventional 
example in Which the number of magnets is 2n and the 
number of teeth is 3n, an output in a loW-rotation speed 
region is greatly reduced. Thus, the A-connection is applied 
to the structure of the present invention. The number of 
magnets is tWice that of the structure of the conventional 
example, so that a frequency becomes tWice as high as the 
frequency of the structure of the conventional example. 
According to such an effect, the output in the loW-rotation 
speed region is increased and a peak current in a high 
rotation speed region can be reduced. With respect to the 
amount of magnets to be used, When substantially the same 
output characteristic as the structure of the conventional 
example is required, the amount of magnets to be used in the 
structure of the present invention is increased as compared 
With that in the structure of the conventional example. 
When the structure of Embodiment 1 (present invention) 

is applied to the three-phase alternating current generator, 
the coil temperature (self-heating amount) is greatly 
reduced, so that a reduction in siZe and an increase in output 
are made possible. 

What is claimed is: 
1. Athree-phase alternating current generator comprising: 
a boWl-shaped ?yWheel; 
4n magnets spaced at equal intervals on an inner circum 

ferential surface of the ?yWheel, Where n is a natural 
number, each of the 4n magnets being separated from 
adjacent ones of the 4n magnets by gaps on each side 
thereof in a circumferential direction; and 

a stator, located in the ?yWheel, comprising: 3n teeth 
provided opposite to the magnets; and three coils, each 
of Which are continuously Wound around every third 
tooth among the 3n teeth in a same Winding direction 
and generate electric poWer by an electromagnetic 
induction effect With the 4n magnets, 

Wherein each of the magnets is a permanent magnet made 
from one of a rare-earth magnet and a ferrite magnet, 

Wherein the stator has a core made from one of a rolled 
steel plate and a silicon steel plate, 

Wherein a A-connection is employed as a connection 
method for the three-phase output, 

Wherein all crossovers betWeen teeth of each of the coils 
extend over the same axial side of the stator, 

Wherein the crossovers are arranged along a radially inner 
portion of the stator, and 

Wherein a Width in a circumferential direction of each 
magnet side end of the 3n teeth is Wider than a Width 
in a circumferential direction of each gap, and is 
substantially equal to a Width in a circumferential 
direction of each magnet. 

2. A three-phase alternating current generator according to 
claim 1, Wherein the number of magnets is 16 and the 
number of teeth is 12. 


